Investigations on the Manufacturability of Thin Press Hardened Steel Components  by Georgiadis, G. et al.
Available online at www.sciencedirect.com
2212-8271 © 2014 Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the International Scientifi c Committee of the “International Conference on Manufacture 
of Lightweight Components – ManuLight 2014”
doi: 10.1016/j.procir.2014.06.110 
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GHVLJQDQGGHYHORSPHQWRIDSURFHVVFKDLQIRUWKHSURGXFWLRQRIWKLQKRWVWDPSHGFRPSRQHQWVLVFDUULHGRXW)RUWKLVSXUSRVHWKH
LPSDFW RI GLIIHUHQW EODQN WKLFNQHVVGHSHQGHQW SURFHVV SDUDPHWHUV RQ WKH FRPSRQHQW SURSHUWLHV LV GHWHUPLQHG WKURXJK ERWK
VLPXODWLRQDQGH[SHULPHQWDODQDO\VLV7KHWHPSHUDWXUHSURILOHRIWKHKHDWLQJSURFHVVLVGHWHUPLQHGIRUGLIIHUHQWEODQNWKLFNQHVVHV
DQGWKHGHYHORSPHQWRIWKHGLIIXVLRQOD\HUEHWZHHQWKH$O6LFRDWLQJDQGWKHEDVHPDWHULDOLVH[DPLQHG:LWKUHVSHFWWRWKHWUDQVIHU
SURFHVV RI WKH WKLQ DXVWHQLWL]HG EODQNV IURP WKH UROOHU KHDUWK IXUQDFH LQWR WKH IRUPLQJ WRRO WKH WLPH VORW LV GHWHUPLQHG YLD WKH
DQDO\VLV RI WKH FRUUHVSRQGLQJ WLPHWHPSHUDWXUH FXUYHV ,Q DGGLWLRQ GLIIHUHQW VLPXODWLRQ PRGHOV DUH GHYHORSHG DLPLQJ DW WKH
YDOLGDWLRQ DQG RSWLPL]DWLRQ RI WKH WUDQVIHU SURFHVV ,Q RUGHU WR IXUWKHU LQYHVWLJDWH WKHPDQXIDFWXUDELOLW\ RI WKLQ SUHVV KDUGHQHG
FRPSRQHQWVWKHVLPXODWLRQRIDKRWVWDPSLQJSURFHVVLVFDUULHGRXW7KHGHYHORSHGPRGHOVDUHYHULILHGE\DQRSWLFDO'IRUPLQJ








,Q WKH SUHVHQW GD\V PRUH DQG PRUH ERG\LQZKLWH
FRPSRQHQWVDUHPDQXIDFWXUHGRXWRIXOWUDKLJKVWUHQJWK
VWHHOV WKDW DUH DEOH WR SURYLGH DQ HTXDO VWUHQJWK DV
FRPPRQO\ XVHG VWHHOV E\ D VLJQLILFDQW ORZHU WKLFNQHVV
DQG UHGXFHG ZHLJKW >@ 7KH PDLQ UHDVRQ IRU




DQG VWLIIQHVV >@ +RW VWDPSLQJ D QRQLVRWKHUPDO
IRUPLQJ SURFHVV IRU VKHHW PHWDOV ZKHUH IRUPLQJ DQG
TXHQFKLQJ WDNH SODFH LQ WKH VDPH IRUPLQJ VWHS >@
GHILQHV DQ LQQRYDWLYH XOWUDKLJK VWUHQJWK VWHHO
FRPSRQHQWV PDQXIDFWXULQJ WHFKQRORJ\ SURYLGLQJ
LQFUHDVHG IRUPDELOLW\ DQG UHGXFHG VSULQJ EDFN +RW
VWDPSHG FRPSRQHQWV RIIHU D YHU\ KLJK GHIRUPDWLRQ
UHVLVWDQFH LQ FDVH RI D FUDVK GXH WR WKHLU KLJK WHQVLOH
VWUHQJWKRIWR03DDQGWKHLU\LHOGVWUHQJWKRI
WR03DDVDUHVXOWRIWKHH[LVWLQJPDUWHQVLWLF
WUDQVIRUPDWLRQ >@ &RPPRQO\ LQ VHULHV SURGXFHG KRW
VWDPSHG FRPSRQHQWV LQ WKH DXWRPRWLYH LQGXVWU\ DUH$
DQG &3LOODU %3LOODU UHLQIRUFHPHQW IURQW DQG UHDU
EXPSHUUHLQIRUFHPHQWWXQQHOPRXQWLQJSODWHIURQWZDOO
URRIIUDPHFURVVSDQHODQGVLOOSDQHO>@(VSHFLDOO\IRU
WKH %SLOODU KRW IRUPLQJ KDV QRZDGD\V HYROYHG DV D
VWDQGDUG PDQXIDFWXULQJ SURFHVV >@ ,QYHVWLJDWLRQV RQ
WKH PDQXIDFWXUDELOLW\ RI WKLQ SUHVVKDUGHQHG VWHHO
FRPSRQHQWV DUH FDUULHG RXW LQ RUGHU WR DFKLHYH IXUWKHU
ERG\LQZKLWH ZHLJKW UHGXFWLRQ DQG WR H[SORLW WKH
SRWHQWLDO IRU OLJKWZHLJKW FRQVWUXFWLRQ RI WKH KRWGLS
DOXPLQL]HG PDQJDQHVHERURQ KRW VWDPSLQJ VWHHO )RU
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WKHFRQFHSWLRQDQGWKHGHYHORSPHQWRIDQHQWLUHSURFHVV
FKDLQ IRUPDQXIDFWXULQJ WKLQ KRW VWDPSHG FRPSRQHQWV
DOOWKHEODQNWKLFNQHVVGHSHQGHQWSDUDPHWHUVKDYHWREH
ORFDWHGDQGYHULILHG%ODQNVRIGLIIHUHQWWKLFNQHVVIROORZ
GLIIHUHQW WLPHWHPSHUDWXUH VHTXHQFHV ZKHQ DSSOLHG LQ
WKH VDPH SUHVVKDUGHQLQJ SURFHVV FKDLQ $ W\SLFDO
H[DPSOH LV WKH FRROLQJ UDWH RI WKH DXVWHQLWL]HG EODQN
GXULQJ WKH WUDQVIHUSURFHVV IURPWKHFRQWLQXRXV IXUQDFH
LQWKHIRUPLQJWRRO,WYDULHVEHWZHHQ.VDQG.V
IRU EODQN WKLFNQHVVHV EHWZHHQ  PP DQG  PP
DFFRUGLQJO\ >@ ,QSDUWLFXODU WKHKHDW ORVVHVGXULQJ WKH




)LJ ,QIOXHQFHRI WKHEODQN WKLFNQHVVRQ WKHKHDW ORVVHVGXULQJ WKH
WUDQVIHUSURFHVV
+HDWWUHDWPHQWDQGGHYHORSPHQWRIGLIIXVLRQOD\HU
2.1. Heating and temperature development 
,Q RUGHU WR LQYHVWLJDWH WKH LQIOXHQFH RI WKH EODQN
WKLFNQHVVRQWKHKRWVWDPSLQJSURFHVVGLIIHUHQWKHDWLQJ
DQG FRROLQJ WULDOV DUH FDUULHG RXW 7KH WHPSHUDWXUH
GHYHORSPHQWRIEODQNVZLWKDWKLFNQHVVEHWZHHQDQG
PP LV HYDOXDWHG DQG WKH SURSHU SURFHVVZLQGRZ LV
LGHQWLILHG 7KH EODQNV DUH NHSW DW DSSUR[ & IRU 
PLQLQWKHFKDPEHUIXUQDFHDQGVXEVHTXHQWO\DLUFRROHG
WRUHSURGXFHWKHKHDWORVVGXULQJWKHWUDQVIHUWRWKHSUHVV





VDPH IXUQDFH FRQGLWLRQV 7KH KRPRJHQRXV
DXVWHQLWL]DWLRQRI WKH WKLQ VKHHWFDQEHDFKLHYHG LQ OHVV
WKDQ PLQ ,Q DGGLWLRQ D KROGLQJ WLPH RIPRUH WKDQ 
PLQ LV UHTXLUHG IRU WKH GHYHORSPHQW RI WKH GLIIXVLRQ
OD\HU$V D UHVXOW WKH WRWDO KHDWLQJ DQG VRDNLQJ WLPH LV
DSSUR[  PLQ )XUWKHUPRUH WKH WHPSHUDWXUH RI WKH
EODQNV DW WKH HGJHV LQFUHDVHV VOLJKWO\ IDVWHU WKDQ LQ WKH
PLGGOH7KLVGLIIHUHQFHLVKRZHYHUFRQVLGHUDEO\ODUJHUDW
WKLFNHU VKHHWV GXH WR WKH VORZHU KHDW FRQGXFWLRQ LQVLGH
WKHEODQNDQGWKHVPDOOHUPDVVVXUIDFHUDWLR&RQFHUQLQJ
WKH FRROLQJ EHKDYLRU RI WKH ERURQ VWHHO VKHHWV WKH
FRUUHVSRQGLQJ FXUYHV IROORZ D VLPLODU WUHQG DV WKH
KHDWLQJFXUYHV7KHWKLQQHUEODQNVFRROGRZQTXLFNHUDV
D UHVXOW RI WKHLU ORZHU PDVV DQG WKHLU VPDOOHU PDVV
VXUIDFH UDWLR $ PDUWHQVLWLF PLFURVWUXFWXUH FDQ EH
REVHUYHGDWEODQNVWKLQQHUWKDQPPDIWHUFRROHGLQ
VWDWLF DLU IRU VXIILFLHQW WLPH 7KLV VWDWHPHQW LV GHFLVLYH
IRU WKH WUDQVIHUSURFHVVRI WKH WKLQEODQNV7KH WUDQVIHU
KDV WR EH SHUIRUPHG TXLFNO\ HQRXJK VR WKDW D ORDGLQJ
WHPSHUDWXUH RI WKH EODQN LQ WKH IRUPLQJ WRRO DERYH
 & LV HQVXUHG 3ULPDU\ UHDVRQ LV WKDW WKH PDWHULDO
PLFURVWUXFWXUH GXULQJ WKH WUDQVIHU DQG SUHVVLQJ SURFHVV
VKRXOG REWDLQ D PHWDVWDEOH DXVWHQLWLF SKDVH EHIRUH
UHDFKLQJWKHPDUWHQVLWHVWDUWWHPSHUDWXUH,QDFFRUGDQFH
ZLWKWKHPHDVXUHGFRROLQJFXUYHVWKHWUDQVIHUSURFHVVRI






2.2. Diffusion process 
$ IXUWKHU DVSHFW RI JUHDW LPSRUWDQFHZLWK UHVSHFW WR
WKHKHDWLQJSURFHVVRIWKH$O6LFRDWHGWKLQEODQNVLVWKH
WKHUPDO DFWLYDWLRQ WKH VWHHO GLIIXVLRQ SURFHVV IURP




)LJ'HYHORSPHQWRI WKHGLIIXVLRQ OD\HUGXULQJ WKHKHDWLQJSURFHVV
RIPPEODQNV
,QRUGHU WR LQYHVWLJDWH WKHGLIIXVLRQSURFHVVEHWZHHQ
WKH EDVH PDWHULDO DQG WKH FRDWLQJ DQG LGHQWLI\ WKH
RSWLPDOWLPHZLQGRZIRUWKHKHDWLQJRIWKHPPWKLQ
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VKHHWVGLIIHUHQWKROGLQJSHULRGVLQWKHFKDPEHUIXUQDFH
DUH H[DPLQHG ,Q FRQFOXVLRQ WKH WRWDO KHDWLQJ DQG
VRDNLQJ WLPH LV OLPLWHG WR DSSUR[  V LQ RUGHU WR
HQVXUH WKH ZHOGDELOLW\ RI WKLQ EODQNV )LJ  )XUWKHU
GHWDLOV ZLWK UHVSHFW WR WKH H[SHULPHQWDO SURFHGXUH DV
ZHOODVWKHDFTXLUHGPHDVXUHPHQWVFDQEHIRXQGLQ>@
7UDQVIHUSURFHVV
3.1. Simulation of the transfer process 
7KH WHPSHUDWXUH UDQJHRI WKHDFWXDO IRUPLQJSURFHVV
LVOLPLWHGEHWZHHQ&DQG&7KLVLVSULPDULO\
GXH WR WKH WRWDO KHDW ORVVHV GXULQJ WKH WUDQVIHU RI WKH
DXVWHQLWL]HG EODQN IURP WKH FKDPEHU IXUQDFH WR WKH
IRUPLQJWRRODQGWKHPDUWHQVLWHVWDUW WHPSHUDWXUHRI WKH
PDQJDQHVHERURQ VWHHO 0Q% >@ ,Q WKH FXUUHQW






x &RPSXWDWLRQDO )OXLG '\QDPLFV &)' PRGHO
FRQVLGHULQJWKHLPSDFWRIERWKKHDWWUDQVIHUDQGDLU
IORZSKHQRPHQD
)RU WKH GHYHORSPHQW RI WKH PHQWLRQHG PRGHOV
0$7/$% 5D /6'<1$ 9 DQG $16<6
)OXHQW DUH DSSOLHG7KH ILUVW WKUHHPRGHOV DUHEDVHGRQ
WKHDVVXPSWLRQWKDWWKHFKDQJHRIWKHKRWEODQNLQWHUQDO
HQHUJ\ HTXDOV WR WKH UDGLDWLRQ DQG WKH IRUFHG DQG IUHH
FRQYHFWLRQ KHDW ORVVHV IURP WKH EODQN VXUIDFH 7KH
GHYHORSHG &)' PRGHO )LJ  LV WDNLQJ LQWR DFFRXQW
ERWK WKH KHDW WUDQVIHU SKHQRPHQD DQG WKH H[WHUQDO DLU







RI WHPSHUDWXUHPHDVXUHPHQWZLWK WKHUPRFRXSOHV LQ WKH
PLGGOHRIDPPVKHHWDQGGLIIHUHQWFRQFOXVLRQVDUH
PDGH )LJ  7KH VPDOOHVW WHPSHUDWXUH GHYLDWLRQ
EHWZHHQ WKH WUDQVIHU PRGHOV DQG PHDVXUHG FXUYHV LV
REVHUYHGIRU WKHQXPHULFDOPRGHOZLWKDQHPLVVLYLW\RI
 7KH &)' PRGHO FDQ EH FRQVLGHUHG DV D PRUH
FRQVHUYDWLYH DVVXPSWLRQ 7KH PDLQ UHDVRQ IRU WKLV
GHYLDWLRQ OLHV LQ WKH IDFW WKDW WKH PHDVXUHPHQW RI WKH
FRROLQJ FXUYHV KDV EHHQ FDUULHG RXW LQ VWDWLF DLUIORZ
YHORFLW\ LV DGHFLVLYH IDFWRUFRQFHUQLQJ WKHDFFXUDF\RI
WKH &)' VLPXODWLRQ ,Q DGGLWLRQ LW LV QRWLFHG WKDW WKH
DQDO\WLFDO PRGHO DQG WKH )(0 VLPXODWLRQ SURGXFH
SURYLGHKLJKO\VLPLODUUHVXOWV'HWDLOHGLQIRUPDWLRQZLWK





3.2. Reduction of the heat losses 
7KH GHYHORSHG PRGHOV FRQWULEXWH QRW RQO\ WR WKH
YDOLGDWLRQ RI WKH WUDQVIHU SURFHVV EXW DOVR WR WKH









GXULQJ WKH WUDQVIHU SURFHVV ,Q RUGHU WR UHGXFH WKHVH
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ORVVHV GLIIHUHQW DSSURDFKHV DUH LQYHVWLJDWHG E\
VLPXODWLRQ LQFOXGLQJ D UHIOHFWLRQ EODQN DQG D WUDQVIHU
ER[ )LJ %\ WKH DGDSWLRQRI WKHVH WHFKQRORJLHV WKH
UDGLDWLRQKHDWORVVHVFDQEHUHGXFHGE\DSSUR[DQG
 UHVSHFWLYHO\ 7KLV UHIOHFWV WKH IDFW WKDW D
FRQVLGHUDEOHSRWHQWLDOIRUHQHUJ\VDYLQJUHPDLQVXQXVHG
&XUUHQWO\ GLIIHUHQW FRQVWUXFWLRQ DSSURDFKHV IRU WKH
WUDQVIHUER[DUHHYDOXDWHGDQGGHYHORSHG
+RWVWDPSLQJRIWKLQVKHHWV
4.1. Hot stamping simulation 








SXUSRVH WKH GRRU VLOO RI WKH 9RONVZDJHQ 3DVVDW % LV
XVHG DV D VDPSOH FRPSRQHQW LQ WZR GLIIHUHQW
WKLFNQHVVHVDQGPP$)(PRGHOLVGHYHORSHG
WDNLQJ LQWR DFFRXQW WKH LQWHUDFWLQJ WKHUPDO DQG
PHFKDQLFDO HIIHFWV GXULQJ IRUPLQJ DQG TXHQFKLQJ DV
ZHOODVGLIIHUHQWSURFHVVSURSHUWLHV7KHUHIRUH WKH)(0
VRIWZDUH/6'<1$9LVXVHG)RUWKHPRGHOLQJRI
WKH VWHHO VKHHW WKHUPRPHFKDQLFDOO\ FRXSOHG VKHOO
HOHPHQWVDUHDSSOLHG7KHWRROVDUHPRGHOHGDVZHOOZLWK






SUHGLFW WKH WKLFNQHVV GLVWULEXWLRQ DQG GHWHUPLQH FULWLFDO
IRUPLQJ DUHDV LQ RUGHU WR RSWLPL]H WKH GHVLJQ RI WKH
IRUPLQJWRROVDVZHOODVWKHIRUPLQJSURFHVVHVLQJHQHUDO
IRU WKH WKLQKRW VWDPSLQJEODQNV%RWK WKHPPDQG
WKHPPVKHHWVVKRZHTXDO WHQGHQF\ZLWKUHVSHFW WR
WKH EODQN WKLFNQHVV UHGXFWLRQ DQG WKH FULWLFDO ORFDWLRQV
)LJ7KHGLIIHUHQFHLQWKHWKLFNQHVVFKDQJHEHWZHHQ
WKH WZR FRPSRQHQWV GRHV QRW H[FHHG)XUWKHUPRUH
WKHWHPSHUDWXUHRIWKHPPVKHHWUHPDLQVDERYH
& GXULQJ WKH WRWDO IRUPLQJ SURFHVV LQ FDVH WKH EODQN
WHPSHUDWXUH LV DSSUR[ & DV LW LV ORDGHG LQWR WKH
IRUPLQJ WRRO $FFRUGLQJ WR WKH VLPXODWLRQ WKH IRUPLQJ




)LJ  %ODQN WKLFNQHVV FKDQJH IRU WKH  PP DQG WKH  PP KRW
VWDPSHGFRPSRQHQWV
)RUWKHIXUWKHUVWXG\RIWKHEODQNIRUPDELOLW\DQGWKH
LPSURYHPHQW RI WKH VLPXODWLRQ DFFXUDF\ WKH QRQ
LVRWKHUPDO IORZ EHKDYLRU RI WKH KRWGLS DOXPLQL]HG
PDQJDQHVHERURQ VWHHO LV DOVR LQYHVWLJDWHG 7KH QRQ
LVRWKHUPDOKRWWHQVLOHWHVWLVFDUULHGRXWDQDORJRXVWRWKH
KRW VWDPSLQJ SURFHVV 7KHUHE\ WKH LQIOXHQFH RI WKH
VLPXOWDQHRXVO\ SURFHHGLQJ TXHQFKLQJ DQG IRUPLQJ
SURFHVVHV LV WDNHQ LQWR DFFRXQW VLQFH WKH HQWLUH WHQVLOH
ORDG LV QRW DSSOLHG RQ WKH VSHFLPHQ XQGHU D FRQVWDQW
KLJK WHPSHUDWXUH DV LW RFFXUV GXULQJ DQ LVRWKHUPDO KRW
WHQVLOHWHVW7KHFRROLQJUDWHGXULQJWKHIRUPLQJSURFHVV
KDVDVLJQLILFDQWLQIOXHQFHRQWKHPDWHULDOIORZEHKDYLRU
7KH SULQFLSDO UHDVRQ IRU WKLV OLHV LQ WKH KDUGHQLQJ DQG
VRIWHQLQJPHFKDQLVPV WKDW DUH DFWLYDWHG GXULQJ WKH KRW
IRUPLQJ RSHUDWLRQ 7KH JUHDWHU WKH FRROLQJ UDWH WKH
KLJKHU WKHIRUPLQJIRUFH LQFUHDVHV7KLVVWDWHPHQW LVRI
JUHDW LPSRUWDQFH IRU WKH IORZ EHKDYLRU RI WKLQ KRW
VWDPSLQJVKHHWPHWDOVGXHWRWKHIDFWWKDWWKLQQHUVKHHWV




ZKHWKHU WKH WKHUPRPHFKDQLFDO PDWHULDO PRGHOV >@
WKDW DUH LPSOHPHQWHG LQ WKH)(0VLPXODWLRQ WDNH WKHVH
HIIHFWVLQWRDFFRXQW)RUWKLVSXUSRVHDVLPXODWLRQPRGHO
RI WKHQRQLVRWKHUPDO WHQVLOH WHVW LV GHYHORSHGZLWK WKH
VRIWZDUH /6'<1$ 9  VR DV WR VWXG\ WKH
WHPSHUDWXUH GHSHQGHQW IORZ EHKDYLRU DQG
FRUUHVSRQGLQJO\ WKH LQIOXHQFH RI WKH GLIIHUHQW FRROLQJ
UDWHV GXULQJ WKH IRUPLQJ SURFHVV 'HWDLOHG LQIRUPDWLRQ
UHJDUGLQJ WKH VWXG\RI WKHQRQLVRWKHUPDO EHKDYLRU DQG
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LWV LPSRUWDQFH ZLWK UHVSHFW WR WKHPDQXIDFWXUDELOLW\ RI
WKLQSUHVVKDUGHQHGFRPSRQHQWVFDQEHIRXQGLQ>@
4.2. Forming analysis  
,Q RUGHU WR IXUWKHU LQYHVWLJDWH WKH PDQXIDFWXUDELOLW\
WKLQKRWVWDPSHGFRPSRQHQWVDSDUWRI WKHHQWLUH3DVVDW





)RU WKLV SXUSRVH WKH VWDQGDUG VHULHV SURGXFWLRQ
SURFHVV DQG HTXLSPHQW LV XWLOL]HG ,Q ERWK FDVHV WKH
EODQN ORDGLQJ WHPSHUDWXUH LQWR WKH IRUPLQJ WRROV LV
DSSUR[&$VDIROORZLQJVWHS WKHEODQN WKLFNQHVV
FKDQJH RI WKH SDUWV LV PHDVXUHG DQG WKH
PDQXIDFWXUDELOLW\RIWKLQFRPSRQHQWVLVYDOLGDWHG6RDV
WR GLJLWL]H WKH IRUPHG SDUWV WKH RSWLFDO ' IRUPLQJ
DQDO\VLV V\VWHP $726 RI *20 PE+ LV XVHG 7KH
FRQWDFWIUHHPHDVXUHPHQWUHVXOWVFRQVLVWRISRLQWFORXGV
DQG SRO\JRQPHVKHV WKDW FDQ EH XVHG QRW RQO\ IRU WKH
HYDOXDWLRQ RI WKH IRUPLQJ SURFHVV DQG WKH
FKDUDFWHUL]DWLRQ RI WKH JHRPHWULFDO SURSHUWLHV RI WKH
SUHVV KDUGHQHG FRPSRQHQW EXW DOVR WKH YHULILFDWLRQ RI
WKH KRW VWDPSLQJ VLPXODWLRQ )RU WKH EODQN WKLFNQHVV
LQVSHFWLRQPHDVXUHPHQWVDUHFDUULHGRXWRQERWKWKHWRS
DQG WKH ERWWRP VXUIDFHV RI WKH IRUPHG SDUWV )LJ 
7KH IRUPLQJ DQDO\VLV PDNHV D GHFLVLYH FRQWULEXWLRQ
WRZDUGV YHULI\LQJ WKDW WKH PDQXIDFWXULQJ RI WKLQ KRW
VWDPSHG FRPSRQHQWV LV IHDVLEOH DV ORQJ DV WKH SURFHVV
FKDLQ LV VXLWDEO\ GHVLJQHG +RZHYHU WKH GLUHFW
FRPSDULVRQ RI WKH UHVXOWV IURP WKH VLPXODWLRQ DQG WKH
RSWLFDO PHDVXUHPHQWV DV ZHOO DV WKH IXUWKHU YDOLGDWLRQ
DQGRSWLPL]DWLRQRI WKHKRWVWDPSLQJVLPXODWLRQFDQQRW
EH FDUULHG RXW GXH WR WKH IDFW WKDW WKH IRUPHG
FRPSRQHQWV DUH PDQXIDFWXUHG ZLWK WKH VDPH IRUPLQJ
WRROV 7KH WRROV DUH QRW DGDSWHGRIIVHW WR WKH GLIIHUHQW
EODQN WKLFNQHVV VR DV WR SURYLGH DQ RSWLPL]HG FRQWDFW
EHWZHHQ WKH EODQN DQG WKH SUHVV WRROV 7KHUHIRUH
FRQVLGHUDEOH GLIIHUHQFHV LQ WKH EODQN WKLFNQHVV






7KH PDLQ RXWFRPH RI WKH FXUUHQW VWXG\ LV WKDW WKH




RUGHU WR HIIHFWLYHO\ GLPLQLVK WKH KHDW ORVVHV GXULQJ WKH
WUDQVIHUSURFHVVVR WKDW WKHIRUPDWLRQRI WKHPDUWHQVLWLF
SKDVH LV DYRLGHG EHIRUH RI WKH IRUPLQJ RSHUDWLRQ LV
DFFRPSOLVKHG 7KH &)' VLPXODWLRQ FRQWULEXWHV WR WKH
YDOLGDWLRQ DQG RSWLPL]DWLRQ RI WKH WUDQVIHU SURFHVV
$FFRUGLQJ WR WKHFXUUHQWVLPXODWLRQVDQGH[SHULPHQWVD
PDUWHQVLWLF WUDQVIRUPDWLRQ RI WKH VKHHW PLFURVWUXFWXUH






)RU WKHIXUWKHU LQYHVWLJDWLRQRI WKHPDQXIDFWXUDELOLW\
RIWKLQKRWVWDPSHGFRPSRQHQWVVXSSOHPHQWDU\DQDO\VLV
ZLWK UHVSHFW WR WKH IRUPDELOLW\RI WKLQEODQNVVKRXOGEH
FDUULHGRXW$GGLWLRQDOO\DVLJQLILFDQWIXWXUHWDVNLV WKH
FDOLEUDWLRQ WKH YHULILFDWLRQ DQG WKH RSWLPL]DWLRQ RI WKH





79 G. Georgiadis et al. /  Procedia CIRP  18 ( 2014 )  74 – 79 

$FNQRZOHGJHPHQWV
7KH DXWKRUV ZRXOG OLNH WR VSHFLDOO\ WKDQN 'U 0
$OVPDQQ KHDG RI WKH &RPSHWHQFH &HQWHU IRU +RW
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